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THE  PROBLEM  _OF_RFDUCIHO_ _THE  FORMULA  n^OHTJ^niOJTHE  SHAPE 
~  ~  of  the"  EARTH  TO  A  TAYLOR  series 


M.S.  Molodenskiy  has  suggested  a  new  method  of  solving  his  inte¬ 
gral  equation  for  the  density  of  a  simple  layer  and  has  obtained  for¬ 
mulae  for  successive  approximations  of  the  disturbing  potential  on  the 
physical  surface  of  the  earth  /?/.  Two  first  approximations,  as  is 
shown  in  work  /l/,  are  reduced  to  the  sum  of  the  first  two  terms  of  a 
Taylor-series  expansion  of  the  disturbing  potential  in  powers  of  the 
earth  relief  height,  where  the  vertical  gradients  of  the  gravity  ano¬ 
malies  are  calculated  according  to  Hunerov's  formula.  If  we  assume-  the 
earth's  physical  surface  on  which  the  gravity  anomalies  are  given  to  be 
a  sphere,  then  the  disturbing  potential,  as  is  known,  will  be  determined 
by  Stokes'  formula.  Let  us  try  to  obtain  this  result,  using  the  Mol o- 
denskiy  method  of  successive  approximations,  and  also  the  method  or 
transformations  by  expanding  the  disturbing  potential  in  a  Taylor  series. 

1.  Let  us  find  by  Molodenskiy's  method  the  values  of  the  disturbing 
potential  on  the  sphere  of  radius  Q  —  a-^-N,  vh«re  a  is  the  mean  radius 
of  the  earth.  First  of  all  let  us  note  that  with  H  =  const  Molodenskiy's 
formula  coincides  with  Stokes'  formula.  However,  the  integration  here 
is  carried  out  not  with  respect  to  the  sphere  of  radius  Q>  but  with 
respect  to  the  sphere  of  radius  a.  'Tiic  is  explained  by  the  fact  that 
in  deriving  the  formula  for  the  general  case,  small  quantities  depend¬ 
ing  on  H  were  discarded.  Consequently ,  let  us  proceed  from  the  inte¬ 
gral  equation 

A  ,  3  C  do 
2-(p  =  *g-r  -  j  <py  , 

where  =  gravity  anomaly; 

-  „  0 
r  =  2  sin  — ; 

2 

^  -  angle  formed  by  the  radius  vectors  of  the  given  and  current  points; 
d°  =  surface  element  of  the  unit-radius  snhero,  density  of  simple 
layer  distributed  on  the  sphere  of  radius  £>• 

Introducing  the  new  function 

x~p*<p. 

c 

we  have 


2sX  =  -  Aff  4- 
a-  L 


»rx£ 

2  J  r 


-1- 
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ve  find 


(n) 


<£T^  ^6T 

dp 2  dp  p  '  p- 

Let  ii3  now  perform  the  calculations  according  to  formula  (M.  With 
the  help  of  expressions  (5)  and  (9)  we  obtain 


4- 


A  e-H 


d±S\s{,]d,  +  dJ 


dp  j 


dp 


H  =  T  + 


-here 


H-  .  3T 
c,  - - A£  -f  - 

P  V  p 


The  .'tii'en  result  differs  from  the  exact 

J  'J 

potential  by  the  quantity  containin’  !’  •. 
it  is  assumed  ?=o  ,  which  corresponds  to  the 
Gradient  of  the  Gravity  anomaly  accordin’  to 
instead  of  formula  (9)  we  obtain 


value  T  of  the  disturbin’ 

If  in  formula  (c)  with  i  =  1 
calculation  of  the  vertical 
"nm.erov's  formula,  then 


a  Cdsg 
ir.J  d? 


and  consequently  the  quantity  <5:  will  not  appear  in  the  result,  '"his 
fully  aqrces  with  the  condition  that  the  two  first  "ol  o  lor.skiy  in^roxi- 
mations  consider  quantities  which  contain  H  only  tc  the  first,  deqree. 
Further,  tskin’  into  cons idera.t ion  (19)  and  (11 }  ve  have 


P  2  d/)' 


where 


(*)  dr 


dT  !  dr  T  , 

—  —  •  —  <1 
d?  2  dy- 


(  1  _  2A/  _  6 T\ 

P  V  2  dp  ?  ?'■  ) 


')■ 


Tt  is  easily  unlerstojd  that  the  quantity  r-:~  containing  ff1.  •-•'ll  not 
appenr  in  the  final  result,  if  in  formula  (f)  with  i  =  "  ve  set  C  <■' 


In  conclusion,  let  us  note  that  the  process  of  calculations  a 
inG  to  formula  (h) ,  as  well  as  Wolodenskiy 'r  pro cess  of  successive 
proxi mat : c:is  ,  leads  to  accurate  values  of  the  !i  ~t urb  i s  •  potential 

the  sphere  of  radius  ?■  if  on  I;,  is.  the  last  of  tha  used  f< - :I  ne 

we  assume  p~  c. 
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